Trichiasis is a condition of abnormally positioned eyelashes that grow toward the eyeball and contact the ocular surface \[[@B1]\]. This can cause corneal epithelial defects, corneal ulcer, and corneal scarring and may lead to severe vision loss \[[@B2]\]. Trichiasis can occur due to blepharoconjunctivitis, cicatrical pemphigoid, Stevens-Johnson syndrome, erythema multiforme, pseudomonas pemphigus, trauma, surgery, trachoma, among other reasons \[[@B2]\]. The global prevalence of trichiasis is high. Standard treatment involves removal or destruction of the affected eyelashes with epilation, radiofrequency ablation, cryotherapy, argon laser, surgical procedures, and other methods. However, widely acknowledged and effective treatment has not yet been established \[[@B3]\].

Mitomycin C is a metabolic antagonist extracted from Streptomyces caespitosus. This medication is a cytotoxic chemotherapy drug that shifts to an alkylating agent that is effective in all cell cycles of proliferative and non-proliferative cells. Mitomycin C was first introduced in the pterygium removal procedure in 1970 and has been widely applied in glaucoma surgery, treatment of conjunctiva and corneal epithelial tumors, refractive surgery, and other ophthalmological procedures in recent years \[[@B4]\].

In previous studies, the authors have reported the efficacy and safety of mitomycin C, which inhibits the regrowth of eyelashes, through epilation after treating mice with 0.04% mitomycin C \[[@B5]\]. The study aimed to verify the effect of locally injected 0.02% mitomycin C in conjunction with radiofrequency ablation in trichiasis patients.

Materials and Methods
=====================

The present study is a prospective and comparative study performed after gaining the approval of the Research Ethics Committee of Gyeongsang National University and the Korea Food and Drug Administration. The procedures used conformed to the tenets of the Declaration of Helsinki. All examinations and surgeries were conducted in the Department of Ophthalmology, Gyeongsang National University. The study involved 30 eyes of 21 patients diagnosed with trichiasis, and all surgical procedures were carried out by a single surgeon from June 2011 to October 2012. The study excluded patients younger than 13 years, and those who were pregnant or had cancer, severe cardiopulmonary disease, intellectual disability, or inflammatory ocular disease such as keratitis, scleritis, conjunctivitis, or blepharoconjunctivitis. An image of the anterior eye segment was collected in the trichiasis-affected region. Twenty-one volunteers were fully informed about the different treatment procedures and provided consent to be classified into group 1 (n = 14) with radiofrequency ablation and injection of 0.02% mitomycin C or group 2 (n = 7) with radiofrequency ablation.

Anesthesia was carried out by injecting 20 mg/mL lidocaine HCl and 0.018 mg/mL epinephrine in the surgical site. After flipping the lid margin to the far side of the eyeball, a sterilized epilation needle connected to a 3.8-MHz Ellman Surgitron was inserted into the eyelash root to a depth of 2 to 3 mm in the cut and coagulation mode (power = 3) in order to easily remove eyelashes, and the follicles were cauterized. In the mitomycin C group, 0.1 mL 0.02% mitomycin C was injected using a 27-gauge cannula arranged with a 1-mL syringe into the eyelash-removed follicles and left for two minutes after radiofrequency ablation. Subsequently, the follicles were washed with 10 mL normal saline. The procedure was completed by applying antibiotic ointment to the surgical site ([Fig. 1](#F1){ref-type="fig"}).

After six postoperative months, medical records, the findings of slit-lamp biomicroscopy, imaging of the anterior eye segment, and the relapse of trichiasis were evaluated by comparison with the preoperative conditions. In addition, we evaluated complications associated with radiofrequency ablation and mitomycin C ([Fig. 2](#F2){ref-type="fig"}).

From one group 1 patient with preoperative lower lid laxity, we were able to obtain tissues after radiofrequency ablation. The sample tissue was fixed with 2% glutaraldehyde, embedded with paraffin, and cut into sections. The tissue block was stained with hematoxylin-eosin and examined under an optical microscope.

SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis. Mann-Whitney *U*-test and Fisher\'s exact test were performed to verify statistical significance.

Results
=======

A total of 200 eyelashes were investigated in 21 patients with trichiasis. The mean age of the subjects was 58.1 ± 18.3 years. Females and males accounted for 67% and 33% of patients, respectively. The mean age was 64.7 ± 10.1 in group 1 and 45.71 ± 24.3 in group 2. The ratio of females was 64.3% in group 1 and 71.4% in group 2. The number of eyelashes in the affected eye was 5.8 ± 3.2 in group 1 and 8.4 ± 6.6 in group 2. No significant differences were found in age, sex, and the average number of eyelashes between the two groups ([Table 1](#T1){ref-type="table"}). A total of 116 eyelashes underwent treatment in 20 eyes in group 1. Trichiasis recurred in 19 eyelashes (16.4%). A total of 84 eyelashes underwent treatment in ten eyes in group 2. Trichiasis recurred in 51 eyelashes (60.7%). In the comparison of the two groups, more favorable results were shown in group 1 where 0.02% mitomycin C was applied (*p* = 0.005) ([Table 2](#T2){ref-type="table"}).

In one case in group 1, histological examination was performed using follicle tissue obtained during eyelid surgery conducted six months after treatment. Optical microscopic findings revealed structural damage in all four examined follicles, and thickened follicle epithelium and sebaceous glands were observed after the regeneration process. Dermal papilla tissues were destroyed and not observed in three follicles. However, dermal papillae remained in the remaining follicle, and growth of the hair shaft was observed ([Fig. 3](#F3){ref-type="fig"}).

No patients showed complications related to mitomycin C such as keratoconjunctival erosion or scleromalacia in the cornea, sclera, or conjunctiva. No specific complication was observed in the eyelid area where mitomycin C was injected. Eyelid notch, which is known to be a complication of radiofrequency ablation, was not found in group 1 with the use of mitomycin C but was detected in two patients in group 2. Therefore, there is a possibility that the wound site in the mitomycin C applied group might have been more clearly recovered ([Fig. 4](#F4){ref-type="fig"}).

Discussion
==========

The standard treatments for trichiasis are epilation, radiofrequency ablation, cryotherapy, argon laser, and surgical procedures. However, a widely acknowledged and effective treatment has not yet been established \[[@B3]\]. Epilation is more commonly used because of its convenience and low risk. This method temporarily relieves the pain of corneal abrasion. Removed eyelashes usually regrow within 4 to 6 weeks after removal. In this process, shortened eyelashes may induce continuous corneal injury. West et al. \[[@B6]\] reported a high rate of corneal opacity in patients who underwent epilation in long-term treatment.

Radiofrequency ablation is another method that can be performed as swiftly as outpatient treatment. The success rate was reported to be 60% to 67% in a single session of radiofrequency ablation \[[@B3],[@B7]\]. According to a study by Han and Doh \[[@B8]\], the success rate of follicle trephination combined with electrocautery was 83%. Sakarya et al. \[[@B9]\] reported success rates of 66.6% in a single session of electrocautery using an ultrafine needle and 100% with two to three sessions. Potential complications were edema, erythema, hematoma, eyelid notch, and others \[[@B7]\].

Various success rates for cryotherapy have been reported worldwide, ranging from a low of 34% \[[@B10]\] to a high of 71% to 90% \[[@B11]-[@B14]\]. However, the incidence of complications generated by cryotherapy has been reported at 26% \[[@B8],[@B10]-[@B14]\].

Several studies have examined the treatment of trichiasis using argon or diode laser. Laser therapies have exhibited a success rate of 39% to 88% without relapse \[[@B1],[@B15]-[@B17]\]. Application of more than three laser treatments increased the success rate to 91.3% to 100% \[[@B17],[@B18]\]. Laser therapy can be usefully implemented in ocular pemphigoid patients who have mild trichiasis or need to avoid inflammation \[[@B1],[@B16]\]. However, the disadvantages of this treatment are the high costs of the medical instruments and the association of complications such as eyelid notch, skin depigmentation, and dimpling of the skin \[[@B1],[@B15],[@B17],[@B19]\].

A large number of treatment methods have been proposed, such as anterior and posterior lamellar repositioning, tarsal fracture, tarsal marginal rotation-associated full-thickness eyelid resection, and others. The majority of those procedures primarily correct entropion, and the recurrence rate has been reported to range between 3% to 62% \[[@B20]-[@B27]\]. All surgical procedures are influenced by various factors, including patient choice and the abilities of surgeons. The chief limitations are the time and cost burdens and the invasive nature of the procedure.

Mitomycin C inhibits the proliferation of fibroblasts, and it has been commonly used in ophthalmology to prohibit scarring of the surgical area by inducing apoptosis. Moreover, inflammatory complications could occur such as anterior and posterior scleritis, acute toxicity and local stimulation, delayed orbital fibrosis, and others. In a recent study, mitomycin C increased IL-8 (a chemokine of macrophages and chemical attractant) and MCP-1 (an activator of lymphocyte and neutrophils and chemical attractant) in the fibroblasts of the cornea and generated an inflammatory reaction \[[@B28],[@B29]\]. Radiofrequency ablation incurs heat injuries, including bleeding, edema, and others, and severe inflammatory reaction occurs due to lymphocytes, macrophages, and foreign body giant cells. Those inflammatory reactions ultimately destruct matrix and hair papilla, and follicles are replaced with eosinophil collagen, characteristic of scar tissue \[[@B30]\]. In this process, mitomycin C is anticipated to accelerate the destruction of follicles by intensifying inflammatory reactions. In addition, the injection of mitomycin C is thought to be effective in prohibiting follicle regrowth by inducing programmed cell death. Previously, our study with rats verified that application of 0.04% mitomycin C generates the destruction and edema of wrinkles in the mitochondria of follicles following simple epilation \[[@B5]\].

Eyelid notch occurred in two patients in group 2 without the use of mitomycin C. In contrast, no injury in the eyelid structure was detected in group 1 with the use of mitomycin C. Histological findings revealed structural changes in follicles in group 1 where follicle tissues were obtainable. However, scarring and destruction in the surrounding tissue were not found to be severe ([Fig. 3](#F3){ref-type="fig"}). Mitomycin C is thought to inhibit fibrosis and might be effective in preventing structural injuries, including postoperative eyelid notch, ectropion of the eyelid, and others.

Mitomycin C drops were locally applied to the eyes as an adjuvant therapy group after glaucoma filtering surgery or pterygium removal procedure. Consequently, associated complications were reported to be dry eye syndrome, superficial punctate keratitis, allergic reaction, punctum obstruction, keratomalacia and scleromalacia, surgical wound infection and dehiscence, and others \[[@B31]-[@B33]\]. Those complications could be avoided by using a low concentration of mitomycin C with thorough monitoring and treatment \[[@B34]\]. In the present study, no complications were detected after injecting 0.02% mitomycin C once for two minutes.

A nearly 100% success rate was acquired by repeatedly performing radiofrequency treatment in some studies \[[@B7],[@B9]\]. However, repeated radiofrequency treatment is difficult to carry out due to high cost, pain, and other problems that influence the compliance of patients in actual clinical settings. In a recent study on eyelash trephination combined with electrocautery, the success rate was 83% \[[@B8]\], aligning with the success rate (83.6%) of the present study using the simpler additional injection of mitomycin C. In addition, this treatment is anticipated to be effective in reducing postoperative complications that occur due to eyelid injury after radiofrequency treatment.

There were some limitations to the present study. First, the authors were unable to verify if mitomycin C temporarily prohibited the division of follicular cells or completely destructed follicles. Although the outcome is an absence of misdirected eyelashes, the satisfaction of patients could be improved by extending the lack of symptoms for several months. Second, a small number of volunteers were included in the study. The six-month follow-up was also thought to be short. However, the average eyelash growth cycle is about 90 days \[[@B35]\]. Therefore, the period of postoperative six months was thought to be sufficient for evaluating the direct injury of follicles generated by mitomycin C in conjunction with radiofrequency ablation.

Local injection of 0.02% mitomycin C could be applied as an effective adjuvant therapy, increasing the success rate of radiofrequency ablation in patients with trichiasis. Mitomycin C may help to prevent the deformity of eyelids by facilitating the recovery of wounds caused by radiofrequency ablation.
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![(A) After flipping the lid margin to the far side of the eyeball, a sterilized epilation needle connected to a 3.8-MHz Ellman Surgitron was inserted into the root of the eyelashes to a depth of 2 to 3 mm in the cut and coagulation mode (power = 3) in order to easily remove eyelashes, and follicles were cauterized. (B) After that, 0.1 mL 0.02% mitomycin C was injected by attaching a 27-gauge cannula to a 1-mL syringe in eyelash-removed follicles and left for two minutes after radiofrequency ablation.](kjo-28-12-g001){#F1}

![(A) An image of the preoperative eyelashes (black arrows). (B) An image of eyelashes six months after the operation.](kjo-28-12-g002){#F2}

![Optical microscopic findings revealed structural damage in all four follicles. Thickened follicle epithelium and sebaceous glands were observed after the regeneration process. (A-C) The dermal papillae were destroyed and not found in three hair follicles. (D) However, dermal papillae remained in the remaining follicle, and growth of the hair shaft was observed (H&E, ×100).](kjo-28-12-g003){#F3}

![Patient in group 1. (A) Image of the preoperative eyelid. (B) There was no deformity or scarring in the eyelid at six postoperative months. Patient in group 2. (C) Image of the preoperative eyelid. (D) Notching in the eyelid at six postoperative months (black arrow).](kjo-28-12-g004){#F4}
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Baseline characteristics
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^\*^Radiofrequency ablation with 0.02% mitomycin application; ^†^Radiofrequency ablation only; ^‡^Mann-Whitney *U*-test; ^§^Fisher\'s exact test.

###### 

Comparison between the two groups in terms of effects of 0.02% mitomycin C application on the treatment of trichiasis
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^\*^Radiofrequency ablation with 0.02% mitomycin C application; ^†^Radiofrequency ablation only; ^‡^Mann-Whitney *U*-test.
